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A 27-nm particle was observed by immune electron microscopy in an infectious
stool filtrate derived from an outbreak in Norwalk, Ohio, of acute infectious
nonbacterial gastroenteritis. Both experimentally and naturally infected individuals
developed serological evidence of infection; this along with other evidence suggested
that the particle was the etiological agent of Norwalk gastroenteritis.

In spite of intensive efforts, an etiological agent
has not been found for acute infectious nonbac-
terial gastroenteritis-a usually self-limited dis-
ease characterized by a spectrum of clinical symp-
toms which may include vomiting, diarrhea, ab-
dominal pain, or a combination thereof (5, 10,
16). This syndrome affects a broad segment of
the population and was the second most common
disease experience in a 10-year family study (8,
9). The disease, which has been given various
descriptive names, was transmitted to volunteers
in the 1940's and 1950's and again more recently
in 1971 and 1972, but all attempts to definitively
cultivate and characterize an etiological agent in
vitro have failed (5, 6, 11-17, 19, 21, 22). In the
1971 study, a filtrate from a rectal swab specimen
from an adult who developed a secondary case of
acute nonbacterial gastroenteritis during an out-
break in Norwalk, Ohio, induced the typical ill-
ness in two of three volunteers; it was serially
passaged two additional times in volunteers and
again induced the typical illness (1, 5, 11, 12).
Characterization studies in volunteers revealed
that the infectious agent in Norwalk outbreak-
derived filtrates was less than 66 nm in diameter
and probably less than 36 nm and, in addition,
was not inactivated by ether, acid, or heating at
60Cfor30min (11).

In an attempt to detect these fastidious, pre-
sumably viral, gastroenteritis agents, we adapted
the technique of immune electron microscopy to
the study of stool filtrates derived from the Nor-
walk outbreak. Previously, this method had been
employed in serological or antigenic studies, or
both, of various viruses, and was used for the
successful observation of rubella virus (3, 4).

Recently, this technique had facilitated the detec-
tion of Australia antigen and permitted the ob-
servation of rhinoviruses in semipurified suspen-
sions (18, 23). Furthermore, immune electron
microscopy has been employed successfully for
the detection of an antigenic inner component
of the Dane particle associated with hepatitis
virus B and enabled the detection of a new corona-
virus strain (2, 7, A. Z. Kapikian, H. D. James,
Jr., S. J. Kelly, and A. L. Vaughn, Infect. Im-
munity 7, 1973, in press). The present studies
which resulted in the detection of small "picorna
or parvovirus-like" particles to which certain
volunteers and naturally infected individuals de-
veloped significant antibody increases are de-
scribed below.
The 2% second human passage stool filtrate

(8Fiia) used in these immune electron microscopy
studies was derived from a stool specimen of a
volunteer who developed gastroenteritis after oral
administration of a stool filtrate derived from one
of the two volunteers who became ill after receiv-
ing the original inoculum from the Norwalk out-
break (1, 11, 12). The 8FMa pool, which had been
filtered through a 1,200- and a 450-nm membrane
filter (Millipore Corp.) and prepared by previ-
ously described methods, was known to contain
an infectious agent; it had induced gastroenteritis
in 6 of 10 volunteers, but extensive attempts to re-
cover or detect an etiological agent by conven-
tional techniques were unsuccessful (11, 12; R.
Dolin et al., unpublished studies). Therefore, we
examined this filtrate for the presence of virus
particles by immune electron microscopy uti-
lizing inactivated convalescent serum from ex-
perimentally infected volunteers as the source of
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specific antibody as previously described in our
coronavirus studies (A. Kapikian et al., Infect.
Immunity 7, 1973, in press). This approach was
taken in the hope that virus particles would
appear in the form of aggregates, thereby enabling
the observation of a small virus, possibly present
in low titer. The serum-stool filtrate mixtures
(and at various times, 0.85% phosphate-buffered
[pH 7.4] saline [PBS]-stool filtrate mixtures)
were incubated at room temperature for 1 hr
routinely. PBS was then added, if necessary, to
make a final pre-centrifugation volume of 1.0 ml
for each mixture. The mixtures were then centri-
fuged at 17,000 rev/min for 90 min in a Sorvall
RC2B centrifuge with an SS34 fixed-angle rotor.
The supernatant fluid was carefully discarded; the
pellet or sediment was suspended with a few drops
of distilled water, stained with 3% phospho-
tungstic acid (PTA), pH 7.2, placed on a 400-
mesh Formvar-carbon coated grid, with the
excess fluid being removed with the edge of a
filter paper disc, and the grid examined at a
magnification of 40,000 with a Siemens Elmiskop
1A electron microscope (3, 18).

In the initial experiment, reaction of 0.4 mnl of
the 8Fiia stool filtrate with 0.1 ml of a 1:10
dilution of convalescent serum from volunteer A
who developed the typical illness after challenge
with an 8Fii stool filtrate (see Table 1) resulted
in the appearance of aggregates similar to the one
shown in Fig. 1. The particles which were heavily
coated with antibody were not randomly dis-
tributed but were present as groups which stood
out clearly from the surrounding matter and ap-
peared to resemble the picorna or parvoviruses.

FIG. 1. An aggregate observed after incubation for
1.75 hr of the stool filtrate with a 1:10 dilution of
postchallenge antiserum of volunteer A in the second ex-

periment. The particles which are heavily coated with
antibody were not randomly distributed but were pres-
ent mostly as aggregates which stood out clearly from
the surrounding matter. X>231,500.

In stool filtrate-PBS control preparations, occa-
sional particles or groups of particles without
apparent antibody were seen, and Fig. 2 shows a
particularly favorable orientation of six such
particles. The significance of these particles would
have been difficult to evaluate without the pre-
vious experience acquired from examining similar,
but heavily coated, particles which had been ag-
gregated by antibody. These particles appeared to
have cubic symmetry and there was a suggestion
of surface substructure, but a definite pattern
could not be ascertained (Fig. 2). They measured
approximately 27 nm in their shortest diameter
and 32 nm in their longest and again resembled
both the picornaviruses and the parvoviruses
morphologically.
These studies were then extended to include

both prechallenge and convalescent sera in an
attempt to detect serological evidence of infection
by immune electron microscopy. A 0.2-ml amount
of a 1:5 dilution of uninactivated serum was
mixed with 0.8 ml of the 8Fiia stool filtrate since
in preliminary studies 0.1 ml of a higher dilution
of serum plus 0.4 ml of the 8Fiia stool filtrate
resulted in variable staining with PTA. In these
serological studies, the grids were read without
prior knowledge of the specimen being examined
in order to eliminate the possibility of biased
interpretation. Routinely, five squares on each
grid were examined in a median time of approxi-
mately 1 hr, and the preparation was then rated
for the quantity of antibody as follows: 0 = no
aggregates (3 or more particles in a group were
considered to constitute an aggregate); 1+ =
glistening aggregates, lightly covered with anti-
body; 2+ = moderately glistening aggregates,
moderately covered with antibody; 3+ non-

FIG. 2. A group of particles observed after incuba-
tion of the stool filtrate with PBS in the initial experi-
menit. Thtis group ofparticles without apparent antibody
appeared to have cubic symmetry, and there was a sug-
gestion of surface substructure, but a definite pattern
could not be ascertained. X 231,500.
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FIG. 3. Anl aggregate observed after incubation of the stoolfiltrate with a 1:5 dilutionz ofprechallenge anitiserum
of volunteer A. The quianztity of anztibody on these glistenzing particles was scored as I+. X231,500.

glistening aggregates, heavily coated with anti-
body; 4+ = nonglistening aggregates so heavily
coated with antibody that they were almost ob-
scured. A 1 + difference was considered to be a

significant change in the amount of antibody
present. An example of an aggregate scored as

1 + is shown in Fig. 3, and another scored as 4+
is shown in Fig. 4.
The paired sera from volunteer A were tested

as noted above with the 8FIIa stool filtrate. The
pre-illness serum mixture yielded one aggre-
gate which was lightly covered with antibody,
whereas with the convalescent serum specimen
approximately 15 very heavily coated aggregates
were observed. As shown in Table 1, these pie-
and postsera were rated as 1 + and 4+, respec-
tively; no aggregates were observed in a PBS con-

trol in which 0.2 ml of PBS was incubated with
0.8 mnl of the 8Fiia stool filtrate.

Volunteer B, who developed the typical experi-
mental illness, also demonstrated an increase in
antibody by immune electron microscopy from

2 + to 4+ with 4 and 10 aggregates, respectively
(Table 1). Similar increases in antibody were seen
with volunteers C and D who also became ill after
challenge with the 8Fiia stool filtrate, whereas
volunteer E, who did not develop illness, did not
have a significant change in antibody titer (Fig. 5
and 6, and Tables 1 and 2). No aggregates were
observed in PBS-8Fiia stool filtrate mixtures.
Although all four volunteers who developed

illness after challenge with the 8FMia stool filtrate
developed serological evidence of infection, it was
possible that the observed particles might repre-
sent a virus not related to the etiological agent of
the Norwalk outbreak; it was conceivable that an
adventitious virus could either have been present
in the stool of the patient from the original Nor-
walk outbreak or could have been acquired during
passage through volunteers. We examined this
possibility by testing paired sera from six in-
dividuals from the Norwalk outbreak; four were
primary cases, one a secondary case and one a
contact who did not become ill (1). Serum sam-
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FIG. 4. An aggregate observed after incubation of the stool filtrate with a 1:5 dilutioni of postehallenge antti-

serum of volunteer B. The particles were not glisteninig and were so heavily coated with anitibody that they were
almost obscured. The quantity of antibody on these particles was scored as 4+. Heavily coated particles were
usually found to be in small aggregates, whereas those with less antibody usually formed larger aggregates.
X231,500.

TABLE 1. Serologic evidence of inJection detected by immuiie electronz microscopy: study of volunzteers
with experimentally intduced illness and individuals in original Norwalk outbreaka

Category

Experimentally in-
fected volunteers

Naturally occurring
illness-Norwalk,
Ohio, outbreak

Contact-Norwalk,
Ohio, outbreak

Experimentally in-
fected volunteers

Inoculum

Second passage stool
filtrate (8F11)c de-
rived from stool of
individual L below

Filtrate from rectal
swab from individ-
ual J above

Indi- Gastro-
vidual intestinal

illness

A

B

C

D

E

Gf

Hf

If

Jg

K

L

M

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Serum

Prechallenge
Postchallenge
Prechallenge
Postchallenge
Prechallenge
Postchallenge
Prechallenge
Postchallenge
Prechallenge
Postchallenge

Acute
Convalescent
Acute
Convalescent
Acute
Convalescent
Acute
Convalescent
Acute
Convalescent

Early
Late

Prechallenge
Postchallenge
Prechallenge
Postchallenge

Amount of
antibody
present on
particlesb

1
4
2
4

1-2
4

2-3
4
1

1-2

1-2
3
4
4
2
4

3-4
3-4
<1
2

1
0

2-3
3-4

1
1'

No. of
aggregates
observed in
five squares

ca. 15
4
10

i 3
31
4e

4
3
2

4
15
6
8
5
6
8
6
3
9

7
00

7
3
4

a In experiments with sera from individuals A, B, C, D, E, F, and K, 8Fiia incubated also with PBS
as control and no aggregates were observed.

bAfter incubation with individual serum.
C 8FII and 8Fiia derived from stools obtained from same individual during same illness.
d SiX squares counted.
e Eight squares counted.
f Primary case.
g Secondary case.
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5 6
FIG. 5 and 6. Aggregates observed after incubation of the stool filtrate with a 1:5 dilution of prechallenge

anitiserum (Fig. 5) and a 1:5 dilution of postchallenige antiserum (Fig. 6) of volunteer E who did not become ill
after challenge. No significant chanige in quanitit.v of anztibody on the particles was evident (prechallenge serum
rated 1+; postchallenige, 1-2+). Tlze glisteniing quality of the lightly coated aggregates is readily evident at this
lower magnification also (cf. Fig. 3). X 138,900.

TABLE 2. Serological evidenice of inifection detected
by immun2e electroni microscopy: study of

sequentially challeniged volunteersa

Serum sequence tested (prechallenge Estimated quantity of
[indicated by Pre] and days post- antibody associated with
challenge [indicated by number]) aggregates of 27-nm

particlesb

1st Chal- leg Volunteer Volunteer
llenge ebage 3rd Challenge no. C no. D

Pre 2 2c
27 1-2 3
52 4 1 2-3d
83 35 Pre 1-2e 2-3c
104 56 21-25 4! 4

a In these experiments, 8Fiia stool filtrate
incubated also with PBS as control and no aggre-
gates were observed.

b Volunteers C and D developed gastroenteritis
after first and third challenges. Volunteer C
challenge sequence: H filtrate, H filtrate, 8Fiia fil-
trate. Volunteer D challenge sequence: MC filtrate,
MC filtrate, 8Flla filtrate. H and MC filtrates each
derived from a secondary case of gastroenteritis
in Honolulu (H), Hawaii, and Montgomery
County (MC), Md., respectively.

c Eight squares counted.
d Nine squares counted.
Plasma utilized since serum not available.

f Six squares counted.

ples were kindly supplied by Milford H. Hatch,
Jonathan L. Adler, and Raymond Zickl. As
shown in Table 1, three of the five persons
with naturally acquired Norwalk gastroenteritis
developed an increase in antibody to the 27-nm
particles during convalescence from disease,
whereas the two who did not show such an in-
crease demonstrated a high degree of antibody in

both their acute and convalescent sera. The acute-
phase sera were not collected until several days
after the onset of disease, and this may explain our
failure to detect a response in two of the patients.
The contact who did not become ill similarly did
not exhibit a serum response (Table 1); one of the
aggregates observed with the contact's early serum
was comprised not only of the usual "full" parti-
cles but with two "empties" as well (Fig. 7). It is
of interest that among the seroresponders was
the donor (J) of the original rectal swab specimen
which had induced illness in two of three volun-
teers in the 1971 study (1, 12). We examined by
immune electron microscopy the prechallenge
and convalescent sera of these two volunteers (L
and M) and found that one developed an increase
in antibody whereas the other did not (Table 1).
The development of an increase in antibody by
three of the five naturally ill individuals suggests
that the 27-nm particle was not acquired during
passage in volunteers. Furthermore, these serum
responses suggest that the virus-like particles had
infected patients during the Norwalk outbreak.

Finally, we investigated the possibility that gas-
trointestinal disease might stimulate the observed
antibody responses by a nonspecific mechanism.
In another study to be reported in detail later,
volunteers were first administered either a stool
filtrate containing an infectious agent from a
secondary case of gastroenteritis which had oc-
curred in Honolulu, Hawaii, or from a secondary
case which had occurred in Montgomery County,
Md., (R. G. Wyatt et al., unpublished studies).
Those volunteers who became ill after primary
challenge were later rechallenged with the same
agent, and homologous immunity was demon-
strated. Subsequently, challenge with a filtrate
derived from the Norwalk outbreak produced
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FIG. 7. Ant aggregate observed after intcubationi of
the stool filtrate with a 1:5 dilutioni oj early serum fromcon2tact K. This small aggregate (scored 1+) was com-
prised not only of the usual "full" particles but conitained
two "empties" as well. X 138,900.

disease, indicating that the filtrates derived from
the Hawaii and Maryland cases differed from that
of Norwalk. Sequential sera from two volunteers
(C and D described previously) who underwent
the sequence of three challenges just described
were studied by immune electron microscopy with
the 8Fiia pool as antigen. The volunteer adminis-
tered the filtrate derived from the Hawaii case
failed to develop an increase in antibody follow-
ing gastroenteritis induced by the primary chal-
lenge, but did develop a significant response after
illness induced by the Norwalk filtrate, suggesting
that the immune electron microscopy seroresponse
was specific (Table 2). The other volunteer devel-
oped an increase in antibody after gastroenteritis
induced by primary challenge and a further in-
crease after illness induced by the Norwalk filtrate,
suggesting that the infectious agents in the Mary-
land and the Norwalk filtrates may have been
antigenically related (Table 2).

It was noteworthy that each of the 13 individ-
uals demonstrated the presence of antibody in
pre-, acute-phase, or early sera, suggesting that
infection with the agent derived from the Nor-
walk outbreak, or a related agent (or agents),
was quite common. Possibly, the agents of non-
bacterial gastroenteritis may resemble certain
respiratory viruses in their capacity to reinfect
with facility.
We have presented data suggesting that the

27-nm particle was the etiological agent of Nor-

walk gastroenteritis. Although it is conceivable

that the 27-nm particle induced infection which

was not related to the disease, it is unlikely. In

any case, additional laboratory and epidemiologi-
cal studies are needed to confirm the postulated

etiological relationship.

The authors thank Louise P. Kendrick for technical assistance.
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